An antiserum prepared against a strain of Lactobacillus acidophilus gave a reaction of identity with HCI extracts of strains of lactobacilli, some pediococci and leuconostocs and Staphylococcus aureus. The antigenic determinant, isolated from a strain of L. casei RO-94 was identified as a membrane glycerol teichoic acid. Purified membrane lipoteichoic acids from Lactobacillus serological groups A, B, C, D and F and streptococcal polyglycerophosphate also reacted with the antiserum. The antigen-antibody reaction was partially inhibited by a-glycerophosphate and strongly inhibited by glycerol-phosphoryl-glycerol-phosphorylglycerol, but was not inhibited by glucose. It was concluded that the antiserum was reacting with the common polyglycerophosphate backbone of the membrane teichoic acids in the reacting strains.
of 30 "C or 37 "C. For preparation of antisera, bacteria were grown in IOO ml MRS broth (de Man, Rogosa & Sharpe, 1960) , with meat extract omitted. Most bacteria for acid extraction were grown in IOO ml modified MRS broth, with I % (w/v) Trypticase (BBL) replacing Oxoid peptone, yeast extract reduced to 0.2y0 (w/v) , meat extract omitted, the concentration of phosphate increased to 0.5 % (w/v) K,HPO,+ 0.5 yo (w/v) KH,P04 and 0.02 yo (w/v) cysteine added. Streptococci of Lancefield serological groups A-C, E-M and 0 were grown in IOO ml yeast glucose broth (Naylor & Sharpe, 1958) . Bifidobacteria and clostridia were cultured anaerobically in a McIntosh and Fildes jar under go yo H,+ 10 yo CO,, and all other organisms aerobically. For preparation of membrane teichoic acid 16 1 modified MRS broth was used; filtered glucose final concentration 2 yo (w/v) was added afterwards.
Preparation of acid extracts. Organisms were harvested by centrifugation and 0.4 g wet wt of bacteria extracted at IOO "C for 10 min with 2 ml of 0.05 N-HCl in 0.15 M-NaCl and neutralized with I N-NaOH (Lancefield, I 
933).
Preparation of membrane teichoic acid from Lactobacillus casei. A component reacting serologically with antiserum A22/300 was present in TCA extracts of lactobacilli and in the soluble fraction from disintegrated organisms. To determine whether a membrane teichoic acid might be responsible for the reaction, membrane teichoic acid from Lactobacillus casei RO-94 (NCDO I 5 I) was isolated, since wall teichoic acid is absent (Baddiley & Davison, I 96 I) . During preparation of the membrane teichoic acid, samples were monitored serologically by ring precipitin test with antiserum A22/300, to check that antigenic activity was present. Bacteria were harvested by centrifugation (yield go g wet wt), washed in 0.02 M-phosphate/ 0.15 M-saline (pH 7.2) and broken on the Braun homogenizer (Shandon) for 4 min. Whole bacteria were separated by centrifugation at 2000g for 4 min and the soluble fraction was separated from the walls by centrifugation at 17000 g for 30 min. To remove most of the nucleic acids, the soluble fraction was acidified with 5 N-HCl to pH 3.5, left overnight at 4 "C, centrifuged at 2000 g for 15 min and the precipitate discarded. The resultant supernatant was added to the walls, the pH adjusted to 7.6, and treated with trypsin (Sigma Chemical Co., London), 0.5 mg/ml ; ribonuclease (Koch-Light Laboratories Ltd., Colnbrook, Buckinghamshire), 0.05 mg/ml ; and deoxyribonuclease (Koch-Light Laboratories), I ,ug/ml overnight at 37 "6. After heating to IOO "C for 15 min, debris was removed by centrifugation at 38000 g for I h, the supernatant dialysed against distilled water and concentrated to about 15 ml.
This preparation was dialysed against 0.02 M-potassium phosphate buffer, pH 6.85, and passed through a column (0.9 x 20 cm) of DEAE cellulose (Whatman DE 52) equilibrated with the same buffer. The column was first eluted with IOO ml of the phosphate buffer, and then with 200 ml of a sodium chloride gradient in the same buffer. The gradient was prepared using a constant volume mixing chamber and arranged so that the concentration of sodium chloride in the buffer entering the column was initially zero and 0.5 M at the end of the run. Fractions were tested for absorbance at 260 nm and for serological activity.
Fractions showing serological activity were pooled, dialysed and lyophilized. Nucleic acids still present were separated from antigenic material by chromatography on a Sepharose 4B column (40 x 2.5 cm) (Pharmacia Ltd, London, W.5.), using 0.01 M-tris + 0.05 M-sodium chloride (pH 7.1) as eluant (Young & Jackson, 1966) . Fractions which were serologically active and had an absorbance of less than 0.2 at 260 nm were dialysed and freeze-dried.
The lyophilized material was dissolved in 10 ml of 10 % (wlv) trichloracetic acid at 4 "C and precipitated with 50 ml of ethanol. The product was reprecipitated and washed successively in acetone, ethanol and ether. The final yield of purified material was 12 mg. ).
An atypical glycerol teichoic acid was isolated from walls of Bacillus stearothermophilus ~6 5 (Wicken, 1966) . Wall glycerol teichoic acids from Lactobacillus plantarum A B~I and c106 in which glucose is linked to glycerol in the backbone of the polymer ( 
Serological tests
Preparation o j antisera. Organisms were washed once and resuspended in 0-1 5 M-Saline and heated to 60 "C for I h. Rabbits were inoculated intravenously at intervals of 3 to 4 days with I ml of a suspension of organisms adjusted to an extinction value of 0.55 (Hilger Biochem absorptiometer at 580 nm).
Ringprecipitin test. The technique of Jones & Shattock (1960) was used.
Immunodiflusion. The slide test as described by Mansi (1957) was used.
Precipitin titre. Potencies of some antigen preparations were determined by making doubling dilutions of antigen in 0.15 M-NaCl and testing against antiserum A22/300 by the ring precipitin test. The titre was the highest dilution of antigen to give a clear precipitin ring after 5 min.
Quantitative precipitin test. Inhibitors of precipitin test. Glucose, a-glycerophosphate and glycerol-phosphorylglycerol-phosphoryl-glycerol (G,P,) were used. G3P, was prepared from cardiolipin (General Biochemicals, Chagrin Falls, Ohio, U.S.A.) by mild deacylation (Wilkinson, 1968) .
For the quantitative precipitin inhibition test appropriate dilutions of these inhibitors in 0.15 M-NaCl were mixed with antiserum, incubated for 30 min at 37 "C, and the antigen then added as for the quantitative precipitin test.
Chemical analysis
Total phosphorus was estimated by the method of Chen, Toribara & Warner (1956) . Hexose was estimated by the phenol sulphuric acid method of Dubois, Gilles, Hamilton, Rebers & Smith (1956) .
Glucose was estimated by the glucose oxidase method (Bergmeyer & Bernt, 1965 ) after hydrolysis of the antigen in a sealed tube for 2 h at IOO "C in 2 N-HCl and neutralization with 4 N-NaOH.
Ester-linked alanine. Samples were incubated with 0-2 N-NaOH at 37 "C for 2 h (Chatterjee, 1969) and after neutralization free amino acid was estimated by the method of Rosen (1957)- Chromatography. Samples (about 2 mg) were hydrolysed in 2~ -HCl (0.2 ml) at IOO "C for 2 h; evaporated to dryness over potassium hydroxide and phosphorus pentoxide, and examined by paper chromatography using solvents and reagents described by Baddiley, Buchanan, Rajbhandary & Sanderson (I 962) .
RESULTS

Precipitin reactions of acid extracts of diflerent micro-organisms
against A22/300 antiserum Antigen preparations giving a negative ring precipitin reaction were also negative with the immunodiffusion test. All extracts were therefore tested by ring precipitin test and positive reactions were confirmed by immunodiffusion test. Acid extracts of bacteria (I 87 strains) belonging to a number of different genera were tested against antiserum to Lactobacillus acidophilus ~2 2 / 3 0 0 (Table I) . In all extracts positive by ring precipitin test the immunodiffusion test showed a reaction of identity, indicating that the same antigenic determinant was present in each organism.
Location of teichoic acid from Lactobacillus casei When L. casei RO-94 was disrupted on the Braun homogenizer and the walls separated by centrifugation, the soluble fraction had a precipitin titre of 64 against antiserum ~22/300. Precipitin titres of successive saline washings of the wall fraction indicated that the antigenic factor was readily removed from the wall. Heating of walls suspended in 0.02 M-phosphate buffer at 70 "C for 30 min or treatment with trypsin also removed the antigenic factor from the walls. Precipitin titres of HCl extracts of portions of walls before and after trypsin treatment were 64 and 0 respectively. These results are consistent with the soluble fraction of disintegrated bacteria containing membrane teichoic acid and the crude wall preparations being contaminated with membrane teichoic acid, since true cell wall teichoic acids are not released by trypsin treatment.
Serological reactions of membrane teichoic acid from
Lactobacillus casei RO-94 The titre of the teichoic acid preparation (I mg/ml) with antiserum ~2 2 / 3 0 0 by [precipitin ring test was 640, and a reaction of identity in the immunodiffusion test was seen Teichoic acids in lactobacilli with acid extracts of representative strains of lactobacilli and other reacting organisms, indicating that the antigenic determinant was the same in the teichoic acid and in the extracts.
Properties of membrane teichoic acid from Lactobacillus casei RO-94 Chromatography of acid hydrolysates revealed glycerol, glycerol mono-and diphosphates and glucose. The only ninhydrin-positive material in the hydrolysates had an R, identical with alanine. These products are typical for those described for glycerol teichoic acids. The preparation contained: phosphorus, 16 yo; hexose, 5-8 yo; glucose, 5-2 yo; and alanine, 4 %. The molar ratio of hexose : alanine :phosphorus is approximately 0.6 : 0.1 : I. These analyses are indicative of a glycerol teichoic acid, the product resembling the ' intracellular ' teichoic acid from Lactobacillus casei A~cC7469 (Kelemen & Baddiley 1961 ) and the lipoteichoic acid from strain RO-94 ; both of these strains belong to serological group C (Sharpe, 1955; Sharpe & Wheater, 1957) .
Reactions of teichoic acid preparations from different organisms with
antiserum ~221300 In the qualitative ring precipitin test, strong reactions were given by the preparation from Lactobacillus casei RO-94, the lipoteichoic acids from Lactobacillus groups A, B, C, D and F and the streptococcal polyglycerophosphate. As determined by quantitative precipitin test, the amount of antibody reacting with the different preparations ranged from 9.1 to I 0.7 mg/ml. No reaction occurred with Bacillus stearothermophilus or L. plantarum A B~I and c106 glycerol teichoic acids, which do not contain glycerol linked I -+ 3 through phosphodiester groups (Wicken, 1966; Adams et al. 1969 )~ indicating that this linkage is important for serological reactivity. After removal of antibodies reacting with streptococcal polyglycerophosphate the antiserum no longer reacted with the other teichoic acid preparations, suggesting that the antibodies were reacting only with the polyglycerophosphate backbone common to all these teichoic acids. The reaction between the membrane teichoic acid from Lactobacillus cdsei RO-94 (12.5 p g ) and antiserum ~22/300 (50pl) was not inhibited by roo pmol of glucose but was inhibited 43 yo by 160 pmol of a-glycerophosphate. G3P2 (2 pmol) inhibited the reaction of antiserum ~22/300 (15 1. 1) with lipoteichoic acid from L. casei and L. helveticus (5pg) by 62% and 30% respectively. The reaction of the L. helveticus lipoteichoic acid was not inhibited by 50,umol methyl a-Dglucoside ; approximately half of the glycerol residues of this teichoic acid are substituted with a-D-glucosyl residues (Knox & Wicken, I 97 I) .
Precipitin reactions with antisera prepared against other micro-organisms. Antisera against Lactobacillus casei ~2 and Leuconostoc mesenteroides NCDO 768 gave the same pattern of reactions as those of the original ~22/300 antiserum although the precipitin reaction was weaker (measured by titrating the antisera against extracts by the ring precipitin method). Only one out of six antisera to L. acidophilus A 2 2 gave similar cross-reactions, the other antisera reacting only with the homologous type antigen.
DISCUSSION
Lactobacilli, some pediococci and leuconostocs contain a serologically active component reacting with an antiserum against a strain of Lactobacillus acidophilus. The ability of rabbits to produce such antisera was not consistent, as only two out of seven responded. The serologically reactive component isolated from L.casei RO-94 (which lacks a wall teichoic acid) was identified as a membrane glycerol teichoic acid. Teichoic acids containing I -+ 3 linked glycerol phosphate units probably occur as membrane components of all Grampositive bacteria (Archibald, Baddiley & Blumson, I 968) . The reaction of antiserum ~22/300 with membrane glycerol lipoteichoic acid from this and other species of lactobacilli indicates that this component could account for the reaction of extracts of the various groups of bacteria.
Several authors have indicated the presence of a common antigen in a wide variety of Gram-positive organisms (Rantz, Randall & Zuckerman, 1956 ; McCarty, I 959 ; Jackson & Moskowitz, 1966; Moskowitz, 1966; McLoughlin & Stewart, 1971) .
The reaction of the antiserum with extracts from a wide variety of organisms depends on two features: antiserum ~22/300 has a high antibody content, approximately 10 mg/ml, so that even low antigen concentrations would be detected ; the antibody specificity is directed towards the polyglycerophosphate ' back-bone ' of the teichoic acids. The serum reacted equally well with glycerol teichoic acids differing in sugar substitution and both a-glycerophosphate and glycerol-phosphoryl-glycerol-phosphoryl-glycerol inhibited the reaction. Earlier studies with different sera had shown that the reaction of these teichoic acids was not due to unsubstituted polyglycerophosphate in the preparations.
Membrane teichoic acids isolated from lactobacilli representing different serological groups differ in their sugar substitution, but have been shown to contain the I -+ 3 linked glycerol phosphate units, i.e. Lactobacillus casei 7469 group C (Kelemen & Baddiley, 1961) , L. fermenti and L. helveticus . Because of the common backbone structure, cross-reactions occur when antibodies are specific for this part of the teichoic acid molecule. Specificity for I + 3 linkage of glycerol through phosphodiester groups was indicated by the precipitation inhibition by G,P, which contains I -+ 3 linkages, whereas wall teichoic acid from Bacillus stearothermophilus which contains 2 -+ 3 linkages did not react.
In other studies on the antigenicity and serological cross-reactions of teichoic acids from lactobacilli Wicken & Knox, I97I) , teichoic acids having a low degree of glycosidic substitution induced antisera of varying degrees of specificity to the glycosidic substituents, some rabbits giving only antibodies to the polyglycerophosphate ' back-bone '.
The latter type of sera can cross-react, as has been shown above for serum ~22/300, with any glycerol teichoic acid irrespective of the nature and extent of its glycosidic substitution, provided that the ' back-bone' structure of the polymer meets the required specificity. Consequently we suggest that the wide range of positive ring and immunodiffusion tests obtained with serum ~22/300 against acid extracts of different organisms indicates only the presence of I : 3-phosphodiester linked glycerol teichoic acids in these extracts. The lack of reactivity of serum ~22/300 with extracts of some bacteria, including streptococci, probably reflects either degradation or poor extraction of the antigenic determinant, and this extraction method may be optimal for lactobacilli. This may explain why acid extracted teichoic acid from group D streptococci did not react, whereas isolated lipoteichoic acids from group D did react with sera of similar specificity (Wicken & Knox, unpublished observations) . Acid extracted teichoic acid lacks the glycolipid moiety of lipoteichoic acid and is in consequence of lower molecular size as well as reactivity in precipitin reactions .
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